Incomplete taxonomic knowledge may seriously hamper biodiversity conservation efforts that are crucial in a context of global change. Gastridium P.Beauv. is a Mediterranean-Paleotropical member of the Poaceae family, inhabiting ephemeral grass habitats, whose species number and diversity are still imperfectly known. In order to progress towards a comprehensive taxonomic treatment of this genus, we examined patterns of DNA diversity in the four taxa (Gastridium lainzii, G. phleoides, G. scabrum, and G. ventricosum) that have been recently advanced by different authors, based on new morpho-ecological descriptors. We explored nucleotide sequence variation at two plastid (trnH-psbA, trnL-F) and one nuclear (ITS) DNA markers in 44 total individuals. Diversity data were treated with multiple statistical and phylogenetic tools, and integrated with available GenBank sequences of Gastridium and other closely related genera. Despite the limited variability detected, evidence of within-taxon genetic cohesion and estimates of molecular divergence comparable with those of species in the same subtribal lineage (Agrostidinae) were recovered. The identified plastid genealogies appeared congruent with a subdivision of the genus into (at least) three distinct entities, and coherent with collected morphological descriptors.
with DNASP 6.12.01 (Rozas et al., 2017) . Median-joining (MJ) haplotype networks of every single and combined plastid region were inferred with Network 4.6.1.1 (http://www.fluxusengineering.com/), treating gaps as 5 th state. The MJ algorithm was invoked with default parameters (equal weight of transversion/transition). The phylogenetic analyses of the ITS and concatenated plastid sequences were conducted with RAxML version 8.2.11 (Stamatakis, 2014) and focussed only on the sampled members of the Agrostidinae subtribe. The in-built GTRGAMMA model was selected with the "extended majority-rule consensus" criterion as bootstopping option (Pattengale et al., 2009) , and 1000 replicates for assessing branch support (BS). A planar (Equal Angle, all standard parameters) phylogenetic network was produced with the Neighbor-Net algorithm implemented in SplitsTree4 (Bryant & Moulton, 2004 , Huson & Bryant, 2006 to reveal complex phylogenetic signals of the ITS dataset; edge support was determined with non-parametric bootstrapping, and 1000 replicates.
Finally, we retrieved from GenBank (www.ncbi.nlm.nih.gov, accessed Aug. 2019) all available sequences of the most variable plastid marker (trnH-psbA) and the nuclear ITS of Agrostis, Ammophila, Calamagrostis, Lachnagrostis, Podagrostis, Polypogon, Triplachne, and Gastridium. These genera largely correspond to Agrostidinae p.p., i.e. one of the three major clades of this nonmonophyletic subtribe, as currently circumscribed (Saarela et al., 2017) . The extended datasets were analysed with MEGA and RAxML (see above) to compare estimates of molecular intra-and interspecific divergence and evaluate the phylogenetic relationships of the investigated dataset within the subtribe. Briza minor and Briza humilis were selected as outgroups in the phylogenetic analyses, based on Saarela et al. (2017, 2018) and Soreng et al. (2017) . Vouchers of the Gastridium sequences retrieved from GenBank were requested to the hosting herbaria and examined to verify their taxonomic identity.
Results

Genetic diversity of Gastridium
Unambiguous electropherograms were obtained for 100% of samples with both plastid markers, whereas ITS sequence reactions failed in nine Gastridium and one Gaudinia fragilis samples, due to high density of double peaks and PCR contamination. Two G. scabrum individuals germinated in the greenhouse yielded pure plastid and nuclear DNA sequences, but the latter matched fungal ITS sequences on GenBank (100% identity) and were thus filtered. In total, 144 DNA sequences (121 belonging to genus Gastridium) were used for the downstream analyses. Table 1 shows the main diversity parameters exhibited by the individual markers and concatenated plastid regions in
Gastridium.
TrnH-psbA was the most variable plastid marker, showing the highest number of polymorphic and segregating sites, the highest nucleotide diversity and estimated mutation rate, and one single gap, corresponding to a 1-2 nucleotide variation in a poly-A region. Overall variation resulted in a high number of parsimony informative characters and generated 20, highly diverse haplotypes.
Nevertheless, the pairwise distance between sequences was moderately low. In contrast, the trnL-F region yielded lower diversity scores and generated half the haplotypes of trnH-psbA. However, its multiple alignment showed a 21-bp deletion that differentiated all samples of G. scabrum and G. lainzii from G. ventricosum and G. phleoides. This deletion was also detected in the other investigated genera, but not in Gaudinia fragilis. Longer insertions/deletions (range: 78-123 bp) were found in G. fragilis, Cynosurus echinatus, and Alopecurus aequalis. In total, the two concatenated plastid regions produced 27 highly diverse haplotypes. The nuclear ITS was the most variable marker, but only a small proportion of the variation encountered was scored as parsimony informative. The generated plastid haplotype and nuclear ITS variant lists (Supplemental online Table S3 ) showed only two trnL-F haplotypes shared between species pairs (G. ventricosum/G. phleoides, and G. scabrum/G. lainzii), whereas no trnH-psbA, concatenated haplotypes or ITS variants grouped members of different species (or genera). For the most part, the plastid haplotypes and ITS variants were unique or common to 1-3 individuals; only one plastid haplotype and one ITS variant were shared by more than ten individuals, all belonging to G. ventricosum.
The mean divergence calculated within and among the four Gastridium taxa (hereafter defined intra-and intergroup, respectively) with the two most variable (trnH-psbA and ITS) and the two concatenated plastid markers (trnH-psbA + trnL-F) are presented as Supplemental online Table S4 .
With all markers, G. scabrum exhibited mean intragroup divergence values (0.001, 0.003 for the plastid and nuclear regions, respectively) always lower than every mean intergroup estimate (0.002 -0.007, and 0.005 -0.009, respectively). In contrast, the intragroup mean divergences of G. lainzii were identical (0.003 at the ITS marker, 0.002 at the combined plastid regions) or lower than the intergroup values scored with G. ventricosum and G. scabrum. Gastridium phleoides was the most diverse and divergent, and scored a lower intergroup mean divergence of the ITS sequences with G. ventricosum and G. lainzii (0.003 -0.005 vs. 0.008). Similar (intra-) and lower (interspecific) mean ranges of divergence were observed in other Agrostidinae genera with large occurrence of trnH-psbA and ITS sequences downloaded from GenBank (e.g., Agrostis, Calamagrostis, Polypogon; Table S4 ).
Supplemental online
Phylogenetic reconstructions
The single trnL-F and trnH-psbA haplotype networks (Supplemental online Figure S5a , b) provided little resolution of the Gastridium dataset. Two main groups, separated by two mutations and one median vector could be identified with trnL-F. The first one included haplotypes of G. ventricosum + G. phleoides (differing by 1-2 mutations, with the only exception of an isolated G. phleoides haplotype), and the other included G. scabrum + G. lainzii. The trnH-psbA network separated all the haplotypes produced in the four Gastridium taxa but was less resolved. The haplotypes of G. phleoides were characterized by a large diversity, with up to five mutations and a wide occurrence of median vectors separating most haplotypes. In both networks, haplotypes of Triplachne nitens, Polypogon monspeliensis, and Agrostis castellana were the least divergent from the Gastridium dataset; all other genera differed by >20 mutations.
The concatenated plastid haplotype network showed a better resolution (Fig. 2 ). Sequences were grouped in three major lineages separated by at least 2-3 mutations and 1-2 median vectors, accommodating (1) seven haplotypes produced in G. ventricosum, all differing by 1-2 mutations,
(2) G. scabrum (four haplotypes) + G. lainzii (two haplotypes) differing by a single mutation, and
(3) G. phleoides with fourteen haplotypes differing by 1-6 mutations. Eight mutations and two median vectors separated the Gastridium dataset from the haplotype of the closest genus (Triplachne). phylogenetic trees (Figs. 3, 4) , in disentangling the complex relationships between these two genera, which are indeed very close but unambiguously divergent.
The ITS Neighbor-Net analysis further contributed to explain the critical position of some variants.
For instance, the unusual long-terminal branches scored for samples Gv4 and Gp10 indicate strongly deviating variants, for which it is possible to infer a degenerate (pseudogene) identity (Nieto Feliner & Rossellò 2007) . The complex, unresolved relationships linking samples Gv3, Gp15, and Gp3 may indicate reticulation between G. ventricosum and G. phleoides, while Gv21, Gl1 and Gl2 may subtend hybridization. Cloning or next-generation sequencing approaches would be necessary to understand the nature and origin of the ITS loci in these samples.
Finally, increased sampling can increase phylogenetic information (Zwickl & Hillis, 2002) , and conspecific sequences deposited in public databases may provide new insights into intraspecific diversity. In this light, the confirmed identity of specimen with ITS sequence KU883502 (G.
phleoides) would provide further evidence of the wide genetic diversity existing in this species, and on the complex relationships shared with Triplachne nitens, although the homologous nature of the published ITS sequence should first be assessed, followed by further phylogenetic studies and denser regional samplings. At the same time, we remark the importance of an update of the genus current assessment in taxonomic authorities, to circumvent future uncertainties on the diversity of its species.
Taxonomic implications
Separating closely related species and determining species boundaries is a difficult task, still debated among taxonomists (Pante et al., 2015) . Indeed, species can be considered separately evolving metapopulation lineages, where the primary properties usually utilized to define a species (e.g., reproductive isolation, adaptation to specific ecological niches, phenotypic and genetic cohesion, among the others; de Queiroz, 2007) can arise (and become evident, i.e. diagnosable) with different paces during the speciation process (de Queiroz, 1998) . Likewise, the states of the characters used for species circumscription pass through polyphyletic, paraphyletic, and monophyletic stages, with a timing depending on ecological, demographic and genetic factors (Avise & Ball, 1990; Funk & Omland, 2003; Hörandl 2006) . Recently-derived species are therefore highly prone to show non-monophyletic gene trees, since monophyly will become more detectable as the time since lineage splitting increases (Knowles & Carstens, 2007) . At the same time, it is also possible that morphological and genetic differences gradually blur among closely related species, in a sort of continuum (like originally argued by Darwin; Mallet, 2007) . In this context, any evidence of lineage differentiation can be of relevance to infer the existence of separate species (de Queiroz, 2007) .
In this work, we recovered plastid genealogies consistent with a subdivision of genus Gastridium into at least three distinct (Fig. 2) , although closely related (Fig. 3) , entities (G. ventricosum, G. phleoides, and G. scabrum). The nuclear ITS showed no (or weak, e.g., the G. scabrum minor clade) taxa resolution ( Fig. 4) In this work, G ventricosum, G. phleoides, and G. scabrum showed evidence of inner genetic cohesion at their plastomes, despite geographic distance among individuals, and inter-taxa mean divergence generally higher than the average estimates within each taxon, despite geographic proximity. In turn, their estimated inter-taxa mean divergences were similar to the interspecific estimates calculated in other genera of the same subtribe. Finally, our plastid phylogenetic reconstructions showed sequence lineages (and evolutionary patterns) largely inclusive of samples sharing diagnosable morphological traits, whereas the ecological descriptors we considered still appear partially overlapping. No substantial difference in the obtained diversity and phylogenetic data seems to justify the different specific ranks assigned to the two acknowledged "major" species (G. ventricosum, G. phleoides) and G. scabrum. Although further investigations are obviously needed, multiple lines of evidence corroborate the hypothesis of progressive lineage separation, likely implying the existence of consolidating, independent species (de Queiroz, 2007) . We therefore advance a re-evaluation of the taxonomic treatment of G scabrum. This taxon is still treated as a synonym of G. ventricosum by the principal taxonomic authorities (Tropicos, GrassBase, IPNI, etc.), although it was validly published in 1818 and shows diagnostic characteristics of the panicle and glumes. In agreement with most authors of Mediterranean regional floras (cf. Doğan, 1985; Feinbrun-Dothan, 1986; Pignatti, 2017; Tison & De Foucault, 2014) , our data support its recognition as an independent entity. In addition, preliminary DNA content estimations (Supplemental online material S2) recorded fluorescence intensity scores two times different for G. ventricosum and G. scabrum, suggesting different ploidy levels in the two entities.
It may be worth noting that the Chromosome Counts Database (Rice et al., 2015) treats the two species in synonymy (sub G. ventricosum) but enlists mixed counts of 2n = 14 and 2n = 28. De Leonardis et al. (1983) documented a chromosome number = 14 in G. scabrum, but the voucher of the investigated specimen is not available for a re-examination.
It is clearly impossible to infer a precise species differentiation pattern with the available data. The low levels of molecular diversity detected, as well as the loose morpho-ecological boundaries within the genus, likely suggest recent diversification. We may speculate that the plastid phylogenetic reconstructions and the known ploidy level (2n = 14) point at G. ventricosum as the primitive species. Its most likely ancestral habitats could have been the ephemeral and fragmented likely indicate a stronger ability of this species to cope with disturbance, and higher dispersal and reproductive efficiency (Lovat, 1981) . This would be in agreement with the high genetic diversity detected with both genomes" markers, and the most substantial variation scored in the characters of its florets (Scoppola & Cancellieri, 2019) . In contrast, the relative homogeneity found in G. scabrum matches its limited morpho-ecological variability and may be explained with a recent derivation (by polyploidization) of G. ventricosum. Finally, little can be said about G. lainzii, only recently proposed as a separate species and previously described as a subspecies of G. phleoides (Romero García, 1996) . Interestingly, despite the limited sampling and restricted distribution range, this taxon exhibited high genetic diversity, and appeared more closely related to G. ventricosum. It may therefore represent a recently diverged lineage of this species, more adapted to drier habitats at the south-western limits of its range. A hybrid origin of this taxon should not be discarded, however, and it clearly deserves further investigations.
Conclusion
In this work, we took advantage of a recent and upgraded morphometric study of Gastridium to expand the individual number of clearly differentiated taxa investigated in a phylogenetic context. Diversity patterns at the nuclear and plastid DNA level, and the different phylogenetic signal of the two analysed genomes were evaluated to reconcile molecular evidence, morphology, and taxonomic congruence. Our results confirm that molecular data can be a useful complement to taxonomic definitions in complex or poorly known taxonomic groups. Although increased sampling efforts and investigations with additional markers would be obviously needed to better understand the complex relationships among the investigated taxa, our results demonstrate that the morphological diversity in Gastridium has consistent molecular grounds in the plastid and nuclear genomes, and likely subtend the existence of more species than currently acknowledged. Together with G. ventricosum, G. phleoides and the recently acknowledged G. lainzii, we argue that G. scabrum also deserves species status. These species may constitute a set of recent origin where the morphological and genetic differences are evident, although only partly fixed and still limited. In this view, the role played by polyploidization and hybridization in the genus diversification needs to be firstly assessed. Unambiguous information on the systematics and phylogeny of genera is a fundamental prerequisite to biodiversity evaluation, ecosystem conservation, and the improvement of our knowledge of the tree of life (Mace, 2004) . The presented data provide hints for a reassessment of the taxonomy of Gastridium, to improve research and protection of ephemeral habitats of the Mediterranean in a context of global change. 
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